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(57)Abstract: 

PURPOSE: To prevent the generation of welding 
defects by using a gaseous mixture contg. oxygen at 
a specific mixing ratio as a shielding gas to execute 
laser welding of Al members. 

CONSTITUTION: The shielding gas is constituted of 
the gaseous mixture composed of an inert gas and 
oxygen and the mixing ratio of the oxygen component 
in the gas is controlled to 15W90%. The Al members 
1 are butted to each other and are subjected to laser 
welding while the above-mentioned gaseous mixture 
is used as the shielding gas. A build-up part 2a and 
undercut part 2b of a weld metal 2 are formed if the 
mixing ratio of Al is <15%. An overlap part 2c and 
underfill part 2d are formed to form the weld defect if 
the oxygen in the gas exceeds 90%. The formation of the undercut part 2b, the underfill 
part 2d, etc., is prevented by the above-mentioned method, by which the defect of the weld 
zone is prevented. 
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SPECIFICATION 



1, Title of the Invention 



Method for the laser welding of aluminiferous members 



2. Claims 



Claim 1. 

Method for the laser welding of an aluminiferous member, characterized by carrying out 
welding by exposing the aluminiferous member to a laser beam using an oxygen-containing 
mixed gas as shield gas. 

Claim 2. 

The method of Claim 1 for the laser welding of an aluminiferous member, characterized in that 
the mixed gas is a gas that contains oxyggn=aad=DitrQgiEi^ 

Claim 3. 

The method of Claim 1 for the laser welding of an aluminiferous member, characterized in that 
the mixed gas is a gas that contains oxygenjand ine^^ 

Claim 4. 

Method according to any of Claims 1-3 for the laser welding of an aluminiferous member, 
characterized in that the mixing proportion of the oxygen in the mixed gas is 1 5%-90%. 

Claim 5. 

Method according to Claim 2 for the laser welding of an aluminiferous member, characterized 
in that the mixing proportion of the oxygen in the mixed gas is 15%-35%. 

Claim 6. 

Method according to Claim 3 for the laser welding of an aluminiferous member, characterized 
in that the mixing proportion of the oxygen in the mixed gas is 20%-50%. 
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3. Detailed Description of the Invention 



Field of the Invention 

The invention relates to a method for the laser welding of alumlniferous mennbers, e.g.; 
members of aluminum or aluminum alloy. 

Description of the Prior Art 

Laser radiation, such as from a CO2 laser or YAG laser, is a very high energy density heat 
source that can be focused into a very small spot using a lens and/or mirror system. As a 
consequence of these features, laser radiation has entered into use as a versatile processing 
means, e.g., for the cutting and welding of metals (e.g.. steel and stainless steel) and for the 
cutting and welding of non-metallic materials (e.g., wood, acrylic, plastics). 

The use of an aluminiferous member (e.g., al uminum, aluminum alloy s) as the workpiece. 
however, has been associated with the problem of laser beam reflection and inadequate 
adsorption, and in some cases welding or cutting has not been possible as a result. In order to 
address this problem, it has been necessary to raise the laser beam absorptivity of the 
workpiece surface by applying a carbon-based surface coating agent or by the implementation 
of a special surface treatment. Methods for applying this surfoce coating agent are reported in 
"Basic Research on the CO2 Laser Welding of Aluminum. - Surface Coatings and Melting 
Characteristics [in Japanese], H. YASUNAGA , Central Electronic Technology Laboratory 
(Proceedings of the Plenary Fall Conference of the Japan Precision Engineering Society, pp. 
679-680, published 24 September 1985). 

problem to Be Sobbed by the In vention 

With regard to the cutting^ of an aluminiferous member using a prior-art processing 
methodology in which the aluminiferous member is coated with a surface coating agent or Is 
subjected to a surface treatment, the surface coating agent, for example, is removed through 
evaporation and combustion and as a consequence does not remain within the workpiece. The 
properties of the processed region therefore do not undfergo deterioration. In contrast, when 
a luminiferous members are welded together, the members of the workpiece undergo a p ost- 
melting solidifi cation process, and as a result the surface coating agent or surface treatm ent 
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agent remains within the weld metal. This causes a decline in weld streng th and the generation 
of defects such as blow holes and cracking. 

The present invention Is directed to solving the p roblem Identified above a nd takes as Its object 
the introduction of a method for the laser wel ding of aluminiferous members , wherein the 
method avoids the generation of weld defects such as blowholes and cracking and enables the 
fabrication of a weld of satisfactory strength. 

Means Solving the Problems 

The inventive method for the laser welding of an aluminiferous member comprises welding by 
exposing the aluminiferous member to a laser beam using an oxygen-contai ning mixed gas as 
shield gas. 

Function 

Aluminum and aluminum alloys are highly intolerant of the incorporation of, for example, 
oxygen, nitrogen, and moisture during welding, and as a result a shield gas. such as high- 
purity Ar or He, Is used. Laser beam absorption, and particularly the absorption of the laser 
beam from a CO2 laser, is strongly influenced by the character of the workpiece. The shield 
gas acco rding to the invention is an oxygen-containing mixed ga s. For example, alurninurn 
oxide is produced at the beam-exposed region when a mixed gas of oxygen and avQOD is 
employe while aluminum nitrid^ is produ^^^ is present in the mixed ga^^^^^ 

Aluminum oxide and aluminum nitride exhibit high laser beam absorptivities, which enables the 
laser welding of aluminiferous members to be carried out without requiring a surface coating 
agent, etc. 

Examples 

Figure 1 contains a property diagram that reports the penetration depth of welds fabricated by 
the laser welding of aluminiferous members according to an example of this invention. The x- 
axis reports the O2 content (%) in a shield gas comprising a mixed gas of nitrogen (N2) and 
oxygen (O2), while the y-axis reports the penetration depth (mm). The welding conditions were, 
for example, as follows: laser = CO2 laser, laser output = 2.3 kW, weld speed = 0.3 m/min, 
workpiece = aluminum alloy according to JIS A 1100. The shield gas flow rate was 30 L/min 
and its N2/O2 composition ratio was varied from 0% to 100%, Region (I) in the diagram refers 
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to a region in which the O2 content in the shield gas is less than 15%; region (II) refers to an 
O2 content in the shield gas of 15% to 90%; and region (III) refers to an O2 content In the 
shield gas in excess of 90%. Weld bead cross sections with the shapes shown in Figures 2(1), 

(II) , and (III), respectively, were obtained, 1 in the figure refers to the aluminum member while 
2 refers to the weld metal. A defective weld bead is obtained in region (I), as shown in Figure 
2(1): this bead suffers from undercutting 2b and an overly large protrusion 2a of weld metal 2, 
A defective bead is also obtained in region (III), as shown in Figure 2(111); this bead suffers 
from an overlap 2c and an underfill 2d. A weld bead with an excellent shape can be obtained 
in region (II). as shown in Figure 2(11). This bead is free of defects such as underfill and 
undercuts. Nor is the shape provided by a pure N2 shield or a pure O2 shield simply as 
depicted in Figure 2(1) or 2(111). In the case of the pure N2 shield, large amounts of nitride 
become embedded In the neighborhood of the weld bead surface, causing a substantial 
disturbance in the bead surface. In the case of a pure O2 shield, numenous blo wholes^ .are 
produced and it is essejitiaHy^impossib a good w eld. An O2 content in the shield gas 
of 15% to 90% is therefore desirable, while a range of 15%JqJ[5% in particular provides a 
deep weld penetratio n and produces a high-qua Jity weld. 

Figure 3 contains a property diagram for another example of the invention. This diagram 
reports the penetration depth for the use of a mixed gas of O2 and Ar (argon, an inert gas) as 
the shield gas. Figures 4(1). (II), and (III) are cross-sectional diagrams of the weld beads 
obtained using shield gases with O2 contents corresponding, respectively, to regions (I), (il), 
and (III) in Figure 3. The use of Ar/02 mixed gas as the shield gas again gives a high-quality 
we ld bead in region (11) (O9 content = 15% to 90%) just as for the N2/O2 mixed gas. 
Substantial blowhole 3 production occurs In region (I) (O2 content less than 15%) and region 

(III) (O2 content in excess of 90%). making it impossible to obtain a sound weld. The 
occurrence of residual oxide is diminished in particular at an O2 content of 20%-50%, resulting 
in a weld that is also excellent with regard to strength. The inventive laser welding method, 
because it does not require a surface coating agent, can avoid the problems with the weld — 
e.g., strength reduction, production of blowholes and cracks — that are caused by residues of 
the surface coating agent within the weld metal. The Invention renders a surface treatment 
process unnecessary and enables the realization of a simple procedure just by changing the 
shield gas composition. 

The inert gas comprising the mixed gas in combination with O2 is not limited t o Ar a nd may be, 
for example, helium ( He). Small amounts of carbon dioxide may also be present in the mixed 
gas. Nor is the laser limited To^ac62 laser, and, for example, a YAG laser can be used. 
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Advantageous Effects of the Invention 



As described above, this invention provides a method for the laser welding of aluminiferous 
members in which welding is carried out by exposing the aluminiferous members to a laser 
beam using an oxygen-containing >mixed gas as the shield gas. As a consequence, the 
inventive method can provide a method for the laser welding of aluminiferous members that 
avoids the production of weld defects (e.g., blowholes, cracking) and that provides a weld with 
satisfactory strength. 



Figure 1 is a property diagram that reports the penetration depth as a function of the O2 
content in the shield gas for the laser welding of aluminiferous members according to a first 
example of the invention. 

Figures 2(1), (II), and (III) are partial cross sections of the welds fabricated in the first example. 

Figure 3 is a property diagram that reports the penetration depth as a function of the O2 
content in the shield gas according to a second example of the invention. 

Figures 4(1), (II), and (III) are partial cross sections of the welds fabricated in the second 
example. 

Reference Symbols 

1 aluminiferous member 

2 weld metal 

The same reference symbols represent the same or corresponding elements throughout the 



4. Brief Description of the Drawings 



figures. 
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Figure 1. 



6 - 
5 
4 



penetration 3 
depth (mm) 2 



000 



0 20 



40 60 

oxygen content (%) In the shield gas 



60 no 
(Oa 100%) 



Figure 2. 

I m 




Mitsubishi Electric Corporation 



JP A 62-254992 



translation pagination: page 8 of 8 pages 



Figure 3. 
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